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Within atoms and molecules, the process has been intensively investigated by using a pump and probe technique. However, few investigations of loosely bound system, such as rare gas cluster, have been done.
An excited atom in a loosely bound system can decay rapidly by energy transfer to a neighboring atom. This leads to a low energy electron emission if the excitation energy is higher than the ionization potential of the neighboring atom. This process is so called Interatomic Coulumbic Decay (ICD). Recently, the lifetime of the ICD process has been measured by a free electron laser [1, 2] . However the energy transfer process below the threshold of ICD is still open question.
In this work, we study energy-transfer process in Argon dimers below the ICD threshold with XUV-pump IR-probe experiments [3] .
[Experimental setup]
We use 15 fs near-infrared (IR) pulses with center-wavelength of 760 nm. The pulses are divided into a pump and a probe pulse by a beam splitter. In one arm, we generate high order harmonics radiation in an argon gas cell. We obtain attosecond pulse-trains with photon energy covering 18 -40 eV in the extreme ultraviolet (XUV) regime. In the other arm, the IR pulses are introduced to a delay stage, then the IR pulses can be time-delayed with respective to the above mentioned XUV pump pulses. The pump and probe pulses are focused into the center of a reaction microscope, where they intersect a cold supersonic gas jet of argon containing a fraction of dimers of about 5%. The reaction microscope enables us to measure all resulting charged particles in coincidence, and reconstruct their full 3D-momenta and kinetic energies as a function of the pump-probe delay time. Figure 1 shows the schematic drawing of the observed excitation-energy transfer process in the argon dimer.
[Results and discussion] Figure 2 shows the delay-dependent kinetic energy release (KER) of Ar + + Ar + ion pairs as a function of the pump-probe delay. It exhibits clearly two decay channels asymptotically approaching 0.8 and 1.9 eV, respectively. The lower KER (0.8 eV) is assigned to the excitation of Ar + (3s )-Ar of about 800 fs.
Moreover, based on the calculated potential curves of Ar dimers, we conclude that the ultrafast energy transfer can occur through avoided crossings even below the ICD threshold.
[Summary]
We investigated the energy-transfer process in singly-charged Ar dimers below the ICD threshold by means of a time-resolved XUV-pump IR-probe experiment. Based on the comparison between measured delay-dependent KER spectra with the classical trajectory calculations, we concluded that the energy transfer takes place, when the Ar + (3s Furthermore we determined the time constant of the energy transfer process to be 824 ± 183 fs. Even when the ICD is energetically forbidden, the energy transfer described here is the dominant process compared to the radiative decay. Instead of low energy electron emission, excited neutral atom emission takes place in this energy transfer process. 
